Sugar Replacement in Angel Food Cake
Mary Beers and Shirlene Hilt
Fontbonne University
Methods and Materials

Abstract
• Diabetes is a chronic medical condition in which sugar, or glucose, levels build up in your
bloodstream.
• Controlling blood sugar levels can be especially difficult, specifically adjusting to new
eating habits and limiting sugar intake.
• The hypothesis of this study is that by replacing sugar with sugar substitutes, an
acceptable angel food cake can be made with an improved nutritional profile (lower
carbohydrate and lower sugar content) for the diabetic population.
• The researchers feel they met their goal based upon scorecard date and overall outcome.

Introduction
• In 2020, there are approximately 34 million Americans who have been diagnosed with
diabetes (Centers for Disease Control and Prevention, 2020).
• In people with type II diabetes, the sugar does not enter their cells, but instead remains in
the blood and starts to build up. The body is unable to use the glucose for energy and can
lead to beta cells of the pancreas becoming overworked and impaired over time.
• Uncontrolled type 2 diabetes can lead to chronically high blood glucose levels, causing
several symptoms and potentially leading to serious complications. Therefore, controlling
sugar intake is important in diabetes.
• People with type II diabetes may have a routine of keeping dessert in their diet, which it
may be hard for them to avoid. This is one of the main reasons why more desserts that
use sugar replacements instead of pure sugar need to be made for people with diabetes,
while keeping a high acceptability of the product.
• Our goal is to develop a lower carbohydrate and lower sugar angel food cake using sugar
substitute that matches the sweetness and overall acceptability of sugar sweetened angel
food cake.

Materials: muffin pan, kitchen aid stand mixer, food processor, dry measuring cups, dry
measuring spoons, medium glass bowl, egg white separator, flour sifter , spatula, oven
Subjects and Settings: The products were tested by 6 dietetics students from a Midwestern
University. The untrained panelists consisted of 4 female students and 2 male students. The
setting was a kitchen that included gas ovens, sinks, countertop space, and cooking
equipment.
Subjective Evaluation: All five recipe testings utilized a sensory scorecard for the panelists to
evaluate the product.
• The sensory scorecard used for the first four recipe tests included the following
characteristics: outside color, inside texture, height, taste, sweetness, and overall quality.
Each category was graded on a 4-point scale.
• In the final recipe testing, The adapted characteristics included: outside color, inside
texture, height, sweetness, and overall quality. This scorecard utilized a 3-point hedonic
scale, with 2 being the most desirable score. Additionally, a general comment section was
added to the bottom of the scorecard.
Objective Evaluation: In the final recipe testing, the height of each product was measured.
This measurement was obtained by choosing 3 samples of the control and sugar substitute
variation and cutting them in half. Then the height was recorded using a standard 12-inch
ruler from the center of the angel food cake. The 3 measurements were then averaged for
each product.
Nutrition Analysis: Cronometer

Results

Figure 1. Final recipe testing; xylitol cake
(left) and sugar/control cake (right)

Subjective Evaluation:
• In the first test, the control received an average score of 3.6 for outside color, 3 for inside texture and height, 3.2 for taste, 2.6 for sweetness, and 3.2 for
overall quality. In the second test, the erythritol angel food cake received an average score of 2.8 for outside color, 3 for inside texture and height, 2.2 for
taste, 1.8 for sweetness, and 2.4 for overall quality.
• In the third test, the control cake received an average score of 2.7 for outside color, 2.9 for inside texture, 2.3 for height, 2.9 for taste, 2.4 for sweetness,
and 2.7 for overall quality. The cake made with stevia received an average score of 4, 3.4 for inside texture and height, 2.7 for taste, 1.6 for sweetness, and
2.3 for overall quality.
• In the fourth test, the control received an average score of 1.9 for outside color, 2.4 for inside texture, 2.4 for height, 3 for taste, 2.6 for sweetness, and 3
for overall quality. The sugar erythritol blend received an average score of 1.7 for outside color, 1.9 for inside texture, 2.7 for height, 2 for taste, 1.7 for
sweetness, and 2.1 for overall quality. The xylitol cake received an average score of 3.6 for outside color, 2.9 for inside texture, 2.1 for height, 3.3 for taste,
2 for sweetness, and 2.7 for overall quality.
• In the final test, a modified score card was used. The control received an average score of 2 for outside color, 1.4 for inside texture, 2 for height, 1.6 for
sweetness, and 1.6 for overall quality. The xylitol cake received an average score of 1.2 in outside color, 2.2 for inside texture, 1.6 for height, 1.8 for
sweetness, and 1.6 for overall quality.
Objective Evaluation: In the final recipe testing, the height of the angel food cakes were measured.
• Average height of the control: 3.9 cm
• Average height of xylitol cake: 3.2 cm
Nutrient Analysis: The nutrient analysis showed that the control angel food cake contained 134.3 kcals, 29.8 g of carbs, and 22 g of sugar per serving. The
erythritol cake had 53.6 kcals, 26.7 g of carbs, and 0.4 g of sugar. The less sugar/more egg whites cake had 100.3 kcals, 20.5 g of carbs, and 12.9 g of sugar per
serving. The Stevia cake had 70.5 kcals, 12.9 g of carbs, and 0.6 g of sugar per serving. The Erythritol sugar blend had 88.3 kcals, 28.6 g of carbs, and 9.7 g of
sugar per serving. The xylitol angel food cake had 59.9 kcals, 17.2 g of carbs, and 0.4 g of sugar per serving.
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134.4

53.6

100.3

70.5

88.3

59.9

29.8

26.7

20.5

12.9

28.6

17.2

Sugars (g)

22.2

0.4

12.9

0.6

9.7

0.4

Protein (g)

3.5

3.5

4

3.5

3.5

3.5

Fat (g)

0.1

0.1

0.1

0.1

0.1

0.1

Sodium (mg)

79.0

78.8

85.9

78.8

78.0

78.8

Carbohydrates
(g)

Table 1. Nutrient Analysis

Discussion
Subjective Evaluation:
• Sugar alcohols lack the chemical structure that initiates browning reactions with amino
acids, which is why in many recipe testings, the experimental cake was lighter in color than
the control.
• Many sugar substitutes are much sweeter than granulated sugar. They give the sensation
of sweetness without the calories. This could be why the xylitol cake scored higher in
sweetness than the control.
• Sugars retain moisture in baked goods because they have a high affinity for water, giving
the baked good a moist texture. This could be why the control cake scored higher for
inside texture than other experimental cakes.
Objective Evaluation: The height of the control and xylitol angel food cake was measured in
the final recipe testing. The sugar replacement cake produced a lower volume product.
• When sugars are used in baked goods, its particles break up the dough and create pockets
of air. As they are baked, the pockets of air expand causing the batter to rise.
• When sugar substitutes are used, the same does not occur. They decrease stability and
viscosity of the dough during the heating stage. This causes a lower volume to occur.
Nutrient Analysis: The sugar substitute angel food cakes have substantially lower amounts of
carbohydrates and added sugars per serving than the control.
• Non-nutritive sweeteners provide insignificant amounts of energy and elicit a sweet
sensation without increasing blood glucose or insulin concentrations.
• The nutrition profile improved greatly from the first recipe testing to the final testing and
resulted a product that is overall acceptable.
Limitations: There were several limitations that occurred during this study:
• An inconsistent amount of panelists throughout testing the recipe
• A small number of participants
• We did not use the type of pan that gives the best results when making angel food cakes
Future Research: Future research should focus on the formulation of sugar substituted angel
food cakes and the effects on individuals with diabetes.
• Determine how sugar substitutes affect blood sugar levels
• Other substitutes that could be used are malitol, alitame, or neotame.

Conclusions
•

All sugar replacements that were used gave the angel food cakes a lower amount of
carbohydrates and added sugar than granulated sugar.
• Though all sugar replacements used lowered the amount of sugar, xylitol showed the
highest acceptability, especially when served with strawberries and whipped topping.

Figure 2. Control angle food cake batter.
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